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(54) Resist processing method and resist processing system 



(57) A resist processing method for introducing a 
pressurized gas into a vessel 1 storing a processing 
solution, sending the processing solution from the ves- 
sel 1 to a nozzle 12 by way of a supply line by means of 
the pressurized gas. and supplying the processing solu- 
tion from the nozzle 12 to a substrate W, the method 
comprising the steps of (a) providing a deaeration 
mechanism (10a. 10b) to the supply line, the deaeration 
mechanism having a gas-liquid separation membrane 
64a and a vacuum evacuation line (51 - 53), (b) intro- 
ducing the pressurized gas into the vessel to send out a 
processing solution from the vessel into one side por- 
tion of the gas-liquid separation membrane through the 
supply line, (c) evacuating the other side portion of the 
gas-liquid separation membrane through the vacuum 
evacuation line 51 to set the pressure of the other side 
portion of the gas-liquid separation membrane within a 
saturated vapor pressure of the processing solution, 
permitting a liquid component dissolved in the process- 
ing solution to migrate from the one side portion to the 
other side portion, thereby removing a gaseous compo- 
nent from the processing solution before the solution is 
supplied to a substrate (deaeration step), (d) discharg- 
ing the processing solution present in the supply line 
between the deaeration mechanism and the nozzle, 
and introducing the processing solution deaerated in 
the deaeration step into the supply line between the 
deaeration mechanism and the nozzle, (e) supplying 



the deaerated processing solution to the substrate by 
expelling the deaerated processing solution from the 
nozzle 12, and (f) rotating the substrate relative to the 
nozzle to form a liquid film of the deaerated processing 
solution between the nozzle 12 and the substrate. 
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Description 

The present invention relates to a resist processing 
method for coating a resist on a substrate such as a 
semiconductor wafer and an LCD substrate, and devel- 5 
oping the coated resist, and also relates to a resist 
processing system. 

In the photolithographic process of a semiconduc- 
tor device and a liquid crystal display device, a desired 
circuit pattern is formed by coating a resist on a semi- io 
conductor wafer and a substrate for a liquid crystal dis- 
play (LCD), exposing the coated resist to light, and 
developing the exposed resist with a developing solu- 
tion. In the developing process, a carrier gas (pressu- 
rized N2 gas) is first introduced into a tank containing is 
the developing solution. The developing solution is sent 
out from the tank by the gas pressure by way of a supply 
line to a nozzle. Finally, the developing solution is 
expelled from the nozzle onto the substrate. 

In such a developing process, the developing solu- 20 
tion must be uniformly supplied over the entire substrate 
surface in a short time to prevent non-uniform develop- 
ment. If the developing solution is supplied quickly from 
the tank to the nozzle by increasing the pressure of the 
carrier gas, a large quantity of the carrier gas dissolves 25 
in the developing solution, or ambient air gets involved 
into the developing solution which is supplied from the 
nozzle. As a result, air bubbles are readily formed in the 
developing solution supplied to the substrate. The air 
bubbles attach to a substrate surface, preventing the 30 
exposure of the coated resist to the developing solution. 
This is a cause of the defect, "undeveloped portion of a 
resist". To avoid this, a deaeration apparatus has been 
used to separate and remove a gaseous component 
from the developing solution before the solution is sup- 35 
plied to the substrate. 

However, conventional methods for removing the 
gaseous component from the developing solution have 
problems. First, a liquid component acting as an active 
ingredient of the developing solution is rennoved 40 
together with the gaseous component. The amount of 
this liquid component cannot be negligible. As a result, 
the concentration of the developing solution changes, 
varying the quality of the developing process Second, 
in the case of the developing-solution deaeration appa- 45 
ratuses conventionally used, when a vacuum evacua- 
tion line of the deaeration mechanism is contaminated 
with the liquid conponent (an active ingredient in the 
developing solution), the evacuation capacity of the 
deaeration mechanism decreases, lowering the evacu- so 
ation rate. Furthermore, the vacuum evacuation line 
itself becomes contaminated with the liquid component. 

An object of the present invention is to provide a 
resist processing method capable of sufficiently remov- 
ing a gaseous component from a processing solution ss 
such as a developing solution without changing the con- 
centration of the processing solution. Another object of 
the present invention is to provide a resist processing 



system capable of efficiently removing a liquid compo- 
nent introduced into a vacuum evacuation line of a 
deaeration mechanism. 

The resist processing method according to the 
present invention is a method for introducing a pressu- 
rized gas into a vessel storing a processing solution, 
sending the processing solution from the vessel to a 
nozzle by way of a supply line by means of the pressu- 
rized gas, and supplying the processing solution from 
the nozzle to a substrate. 

the method comprising the steps of: 

(a) attaching a deaeration mechanism to the supply 
line, the deaeration mechanism having a gas-liquid 
separation membrane and a vacuum evacuation 
line; 

(b) introducing the pressurized gas into the vessel 
to send out a processing solution from the vessel 
into one side portion of the gas-liquid separation 
membrane through the supply line; 

(c) evacuating the other side portion of the gas-liq- 
uid separation membrane through the vacuum 
evacuation line to set the pressure of the other side 
portion of the gas-liquid separation membrane 
within a saturated vapor pressure of the processing 
solution, permitting a liquid component dissolved in 
the processing solution to migrate from the one side 
portion to the other side portion, thereby removing 
a gaseous component from the processing solution 
before the process solution is supplied to a sub- 
strate (deaeration step); 

(d) discharging the processing solution present in 
the supply line between the deaeration mechanism 
and the nozzle, and introducing the processing 
solution deaerated in the deaeration step (c) into 
the supply line between the deaeration mechanism 
and the nozzle (processing solution replacing step); 

(e) supplying the deaerated processing solution to 
the substrate by expelling the deaerated processing 
solution from the nozzle; and 

(f) rotating the nozzle relative to the substrate to 
form a liquid film of the deaerated processing solu- 
tion between the nozzle and the substrate. 

The resist processing method according to the 
present invention is a method for irrtroducing a pressu- 
rized gas into a vessel storing a processing solution, 
sending the processing solution from the vessel to a 
nozzle by way of a supply line by means of tiie pressu- 
rized gas, and supplying the processing solution from 
the nozzle to a substrate. 

the resist processing method comprising tiie 
steps of: 

(A) attaching a deaeration mechanism to the supply 
line, the deaeration mechanism having a gas-liquid 
separation membrane and a vacuum evacuation 
line; 
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(6) intrcxiudng a pressurized gas into the vessel to 
send out the processing solution from the vessel 
into one side portion of the gas-liquid separation 
membrane through the supply line; 

(C) evacuating the other side portion of the gas-liq- 5 
uid separation membrane through the vacuum 
evacuation line to set the pressure of the other side 
portion of the gas-liquid separation membrane 
within a saturated vapor pressure of the processing 
solution, permitting a liquid component dissolved in io 
the processing solution to migrate from the one side 
portion to the other side portion, thereby removing 

a gaseous component from the processing solution 
before the process solution is supplied to a sub- 
strate (deaeration step); is 

(D) discharging the processing solution present in 
the supply line between the deaeration mechanism 
and the nozzle, and introducing the processing 
solution deaerated by the deaeration step (C) into 
the supply line between the deaeration mechanism 20 
and the nozzle (processing solution replacing step); 

(E) spinning the substrate; and 

(F) expelling the deaerated processing solution 
from the nozzle to the substrate to form a liquid film 

of the deaerated processing solution between the 25 
nozzle and the substrate. 

The present inventors have studied causes of 
defects produced in developing a resist. As a result, 
they found that the degree of vacuum of the deaerated 30 
process atmosphere is related to the number of defects. 
They further found the deaeration conditions success- 
fully reducing the number of defects. 

In the method of the present invention, a gaseous 
component can be removed from the developing solu- 35 
tion by sending the developing solution without being 
left in the deaeration mechanism. On the other hand, if 
the deaeration process time is rather long, not only the 
gaseous component but also an active ingredient con- 
tained in the liquid are removed. As a result, the con- 40 
centration of the developing solution changes as shown 
in FIG. 10 (exhibiting the relationship between the 
deaeration process time and the number of develop- 
ment defects). For example, when the concentration of 
the developing solution increases as a result of vapori- 45 
zation of moisture connponents. the resultant wiring is 
obtained with an excessively narrow width. This is a 
kind of defects. Therefore, it is desirable that the deaer- 
ation process time be shorter than 24 hours. However, 
the deaeration time of the developing solution needs to so 
be longer than 10 minutes because if the deaeration 
time is shorter than 10 minutes, the deaeration will not 
be sufficiently performed. 

For example, when a generally-used developing 
solution is deaerated. the pressure of one side portion ss 
of the gas-liquid separation membrane, (namely the 
inner pressure of the deaeration chamber), is preferably 
set at 25 to 410 Torr (-350 mmHg to -735 mmHg), and 



more preferably, 110 to 260 Torr (-500 mmHg to -650 
mmHg). As an example of the generally-used develop- 
ing solution, a 2.38 % ± 0.01 tetramethylammonium 
hydroxide (referred to as "TMAH") solution may be men- 
tioned. 

As shown in FIG. 1 1 , when the inner pressure of the 
deaeration chamber (pressure of one side portion of the 
gas-liquid separation membrane) is higher than 410 
Torr (-350 mmHg). developing defects are produced. On 
the other hand, when the inner pressure reduces 410 
Torr, no defects are produced. However, if the inner 
pressure is reduced in excess of 25 Torr (-735 mmHg), 
not only the gaseous component but also the liquid 
component of the developing solution permeate through 
the gas-liquid separation membrane. As a result, the 
concentration of the developing solution changes. 
Therefore, the uppermost inner pressure of the deaera- 
tion chamber is defined 25 Torr 

To remove various alkaline components from the 
developing solution without fail, it is more preferable that 
the inner pressure of the deaeration chamber be 
reduced further to the range from 1 10 to 260 Ton- (-500 
mmHg to -650 mmHg). 

The term "liquid component of the developing solu- 
tion" includes a gas dissolved in the processing solution 
and a gas involved in the form of air bubbles. 

As shown in FIG. 12, if the concentration of dis- 
solved nitrogen in the developing solution exceeds 25 
ppm, the development defects are frequently produced. 
As shown in FIG. 13, a characteristic line Q of meas- 
ured values approximates a characteristic line P of the- 
oretical values. The carrier gas pressure (atm) is 
directly propational to the concentration of the nitrogen 
dissolved in the developing solution. 

The carrier gas (pressurized gas) falls preferably 
within the range from 0.5 to 3 kg/cm^, and more prefer- 
ably, from 0.5 to 1 .5 kg/cm^. This is because if the car- 
rier-gas pressure exceeds 3 kg/cm^ the dissolution 
amount of the gas in the developing solution will be 
excessively large and instruments attached to the 
developing-solution supply line will be easily broken. If 
the carrier gas pressure is smaller than 1 .5 kg/cm^ . the 
concentration of dissolved nitrogen will be lower than 25 
ppm. On the other hand, if the carrier gas pressure is 
lower than 0.5 kg/cm^ , the necessary amount of the 
developing solution will not be supplied. The necessary 
amount used herein is, for exanple. about 1 .6 little/min. 
when the nozzle shown in FIGs. 5 and 6, and a wafer of 
8-inch diameter are used. It should be noted that the 
amount of the developing solution consumed per wafer 
of 8-inch is from 40 to 60 cc. 

The resist processing system according to the 
present invention comprises: 

a mounting table for mounting a substrate thereon; 
a nozzle for expelling a processing solution to the 
substrate mounted on the mounting table; 
a vessel for storing the processing solution; 
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pressurizing means for introducing a pressurized 
gas into the vessel, thereby pressurizing the 
processing solution to send the processing solution 
from the vessel to the nozzle; 
a processing solution supply line provided between s 
the vessel and the nozzle, for guiding the process- 
ing solution sent out from the vessel by the pressu- 
rizing means, to the nozzle; and 
a deaeration mechanism attached to the process- 
ing solution supply line, for separating and remov- 
ing a gaseous component from the processing 
solution: 

the deaeration mechanism comprising 
an airtight chamber, 

a gas-liquid separation membrane provided in 
the airtight chamber, one side portion of which 
is communicated with the processing solution 
supply line through which the processing solu- 
tion is supplied to the one side portion, 
a vacuum evacuation line communicated with 
the other side portion of the gas-liquid separa- 
tion membrane, 

evacuation means for evacuating the other side 
portion of the gas-liquid separation membrane 
through the vacuum evacuation line, and 
a trap tank attached to the vacuum evacuation 
line, for receiving a liquid component permeat- 
ing through the gas-liquid separation mem- 
brane and leaking into the vacuum evacuation 
line. 

The trap tank preferably conrprises 

a liquid-surface detection sensor for detecting the 
surface level of the liquid received therein, 
a pressure detection sensor for detecting the inner 
pressure of the tank, and 

a drain line for discharging the received liquid out- 
side. 

More preferably, the trap tank further comprises 

a pressure detection sensor for detecting the Inner 
pressure of the deaeration chamber, and 
a controller for controlling the deaeration means. 

The controller controls the deaeration means on the 
basis of the detection data obtained from the aforemen- 
tioned two pressure sensors and a liquid surface detec- 
tion sensor. In this mechanism, the inner pressure of the 
deaeration chamber is set at a saturated vapor pressure 
or less, thereby separating and removing the gaseous 
corrponent contained in the processing solution without 
excessively removing the liquid component 

Furthermore, the controller is preferred to comprise 
a display portion for displaying the detection data and 
an alarm portion for giving an alarm when abnormal 



data (value out of the predetermined range) is pre- 
sented. The alarm draws attention of a worker and let 
him watch the display portion, so that he knows that an 
abnormal change occurs in the developing solution. 
Hence, the abnormality can be overcome. Hence, the 
substrate can be processed constantly without a sub- 
stantial change in the concentration of the developing 
solution and without process differences between sub- 
strates. 

The invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the acconpanying drawings, in which: 

FIG. 1 is a block diagram schematically showing a 
resist processing system according to an embodi- 
ment of the present invention; 
FIG. 2 is a block diagram showing a deaeration 
apparatus for the developing solution used in the 
resist processing system; 

FIG. 3 is a perspective cross-sectional view sche- 
matically showing a deaeration mechanism; 
FIG. 4 is a magnified view schematically showing a 
gas-liquid separation element of the deaeration 
mechanism for explaining a deaeration function; 
FIG. 5 is a cross-sectional view of a nozzle; 
FIG. 6 is an orthogonal cross-sectional view of a 
nozzle taken along a VI-VI line; 
FIG. 7 is a schematical perspective view of a nozzle 
and a semiconductor wafer; 
FIG. 8 is a flow-chart showing steps of developing 
the semiconductor wafer; 

FIG. 9 is a flow-chart showing a deaeration method 
of the developing solution; 
FIG. 10 is a characteristic graph showing the rela- 
tionship between deaeration process time for the 
developing solution and tiie number of defects; 
FIG. 11 is a characteristic graph showing the rela- 
tionship between the degree of the reduced pres- 
sure in the deaeration apparatus and the number of 
defects; 

FIG. 12 is a characteristic graph showing the rela- 
tionship between the dissolved nitrogen concentra- 
tion of the developing solution and the number of 
defects; . . 

FIG. 13 is a characteristic graph showing the rela- 
tionship (by theoretical values and measured val- 
ues) between the dissolved nitrogen concentration 
of the developing solution and nitrogen gas pres- 
sure; 

FIG. 14 is a block diagram showing a deaeration 
apparatus for a processing solution (developing 
solution) according to another embodiment; 
FIG. 15 is a schematical perspective view of a noz- 
zle according to another embodiment; and 
FIG. 16 is a schematical perspective view of a noz- 
zle according to a further embodiment. 

Hereinbelow, preferable embodiments of tiie 
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present invention will be explained with reference to the 
accompanying drawings. 

First, a first embodiment of the present invention 
will be explained with reference to FIGs. 1 to 9. 

A developing solution 2 is stored in a main tank 1. s 
To the main tank 1. a gas bomb 3 containing a nitrogen 
gas is connected via a line 4. The line 4 is provided with 
a pressure control valve 3a. An end portion of a line 5 is 
immersed in the developing solution 2 of the main tank 
1 . The tank 1 has an inner diameter of 20-25 cm and a io 
height of about 50-60 cm. 

The middle of the line 5 is provided with an interme- 
diate tank 6. On the outside of the intermediate tank 6, 
for example, electrostatic-capacity sensors, namely a 
limit sensor 6a and an empty sensor 6b. are separately is 
provided. Each of the sensors 6a and 6b is connected to 
an input side of a controller 40. separately When a 
detection signal is input into the controller 40 from each 
of the sensors 6a and 6b, the controller 40 operates the 
pressure control valve 3a on the basis of the detection 20 
data so that the surface level of the developing solution 
2 stored in the intermediate tank 6 falls within an appro- 
priate range. 

When the carrier gas (pressurized nitrogen gas) is 
supplied from the gas bomb 3 to the main tank 1 25 
through the line 4. the developing solution 2 is pressu- 
rized and sent out to a nozzle 1 2 through lines 5. 5a and 
5b. it is preferable that the pressure of the carrier gas fall 
within the range of 0.5 to 3 kg/cm^. 

The line 5 is branched downstream of the interme- 30 
diate tank 6 into two lines 5a and 5b and merges at a 
nozzle 12. The first branched line 5a is provided with a 
flow meter 7a. a filter 8a, a water jacket 9a, a develop- 
ing-solution deaeration apparatus 10a, and an air-oper- 
ation valve 1 1 a in that order from the upstream end. The 35 
second branched line 5b is provided with a flow meter 
7b, a filter 8b, a water jacket 9b, a developing-solution 
deaeration apparatus 10b, and an air-operation valve 
nb in that order from the upstream end. The filters 8a 
and 8b are desirably provided at lines 5a and 5b as far 40 
upstream as possible. This is because if the filters 8a 
and 8b are close to the nozzle 12, leakage of the devel- 
oping solution occurs at the nozzle 12 due to pulse 
movement. The water jackets 9a and 9b may be posi- 
tioned interchangeably with the developing solution 45 
deaeration apparatuses 10a and 10b. The developing- 
solution deaeration apparatuses 10a and 10b are con- 
nected to a controller 40. The controller 40 controls the 
operation of the developing-solution deaeration appara- 
tuses 10a and 10b to sufficiently remove the gaseous so 
connponent from the developing solution without signifi- 
cantly changing the concentration of the developing 
solution 2. 

The developing process portion 13 comprises a 
spin chuck 1 4, a motor 1 5 and a cup 1 6. The spin chuck 55 
14 is variably rotated by a motor 15 and has a vacuum 
adsorption mechanism (not shown) for holding a wafer 
W by adsorption. The cup 16 houses the spin chuck 14 



and has a drain passage 13a for discharging waste liq- 
uid, such as used developing solution. 

During the passage of the developing solution 2 
through the branched lines 5a and 5b, impurities and 
foreign matters are removed by the filters 8a and 8b, 
while the flow rate of the developing solution 2 is con- 
trolled by the flow-meters 7a and 7b. Since tempera- 
ture-controlled water is circulated through the water 
jackets 9a and 9b, the temperature of the developing 
solution 2 passing through the branched lines 5a and 5b 
is controlled. After the tenperature is adjusted, the 
developing solutions 2 is introduced into the developing- 
solution deaeration apparatuses (deaeration mecha- 
nism) 10a and 10b. to remove a gaseous component. 
The deaeration is preferably performed under a pres- 
sure ranging from 25-410 Torr (-350 mmHg to -735 
mmHg), and more preferably, from 110-260 Torr (-500 
mmHg to -650 mmHg). The deaerated developing solu- 
tion 2 is supplied onto the wafer W mounted on tiie 
chuck 14 through the nozzle 12. Hence, the coated 
resist is developed uniformly without defects. 

Next, we will explain a vacuum circuit provided in 
the developing-solution deaeration apparatuses 10a 
and 10b with reference to FIGs. 2 to 4. Since the first 
deaeration apparatus 10a is substantially the same as 
tiie second deaeration apparatus 10b. only the first 
deaeration apparatus 10a will be explained below. 
Explanation of the second deaeration apparatus 10b 
will be omitted. 

As shown in FIG. 2, vacuum evacuation lines 51 , 
52. 53 and 54 of the developing-solution deaeration 
apparatus 10a (10b) are provided with a trap tank 21 
and an ejector 22. The trap tank 21 is communicated 
with the airtight vessel 61 of the developing-solution 
deaeration apparatus 10a (10b) through a line 51. The 
trap tank 21 is a vessel for receiving the developing 
solution 2 leaking from the developing-solution deaera- 
tion apparatus 10a through the line 51 during tiie deaer- 
ation operation. The bottom of the trap tank 21 is 
provided with a drain line 57. 

The trap tank 21 is provided with a liquid-surface 
detection sensor 23a and a pressure sensor 23b. The 
liquid-surface detection sensor 23a is used for detecting 
tiie surface level of the developing solution trapped in 
the tank 21 . The pressure sensor 23b is used for detect- 
ing the liquid contained in the tank 21. These sensors 
23a and 23b are separately connected on the input side 
of the controller 40. 

The trap tank 21 is communicated with the ejector 
22 through the line 52. The line 52 is provided with a 
stop valve 24 and a solenoid valve 25 in that order when 
viewed from the side of the trap tank 21 . The ejector 22 
is provided witii a line 54 which serves for a different 
system from the system involving the trap tank 21 . The 
line 54 is communicated with an air pump 59. The line 
54 is provided with a regulator 26 for controlling a flow 
rate of a supplied air. and a solenoid valve 27. When air 
is supplied to the line 54 from the pump 59. the pres- 
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sures of the airtight vessel 61 and the trap tank 21 are 
reduced by the air flow thus produced. 

A gauge 28 is provided between the regulator 26 
and the solenoid valve 27. The gauge 28 is connected 
to the input side of the controller 40. 

As shown in FIG. 3. the developing-solution deaer- 
ation apparatus 10a comprises an airtight vessel 
(deaeratioh chamber) 61 , an inlet 62. an outlet 63, and 
a gas-liquid separation element 64. The developing- 
solution deaeration apparatuses 10a and 10b are sub- 
stantially the same as that disclosed in the United State 
Patent Application No. 08/579,845. To the upper portion 
of the deaeration chamber 61 , a vacuum evacuation line 
51 is connected to evacuate the chamber 61 . The inlet 
62 and the outlet 63 are connected to developing solu- 
tion supply lines 5a (5b). 

The chamber 61 of each of the developing solution 
deaeration apparatuses 10a and 10b Is provided with a 
vacuum switch 29. The vacuum switch 29 is provided 
with a gauge 29a. The gauge 29a is connected to the 
input side of the controller 40. 

The controller 40 has two output portions which are 
connected to a display section 41 and an alarm unit 42, 
separately. When the detection data obtained by sen- 
sors (6a. 6b, 23a, 23b. 28. 29a) indicate abnormal val- 
ues, the controller 40 directs the display section 41 to 
indicate the abnormal state and direct the alarm unit 42 
to give an alarm. As the same time, it controls the oper- 
ation of a regulator 26 and solenoid valves 25 and 27. 
individually 

A gas-liquid separation element 64 is provided 
between the inlet 62 and the outlet 63. The developing 
solution 2 is introduced into the gas-liquid separation 
element 64 from the inlet 62 through the line 5a (5b). 
The developing solution 2 passes through the gas-liquid 
separation element 64, goes out from the outlet 63, and 
is supplied to the nozzle 1 2 through lines 5a (5b). 

The gas-liquid separation element 64 is formed of a 
bundle of capillaries made of a porous film, non-porous 
film, and a composite film. As the porous film, a porous 
thin film made of polytetrafluoroethylene (PTFE) or a 
polyolefin-series resin is used. As the non-porous film, a 
non-porous thin film made of a tetrafluoroethylene • 
hexafluoropropylene copolymer (PEP), a tetrafluoroeth- 
ylene • perfluoroalkylvinyl ether copolymer (PPA). or 
polytetrafluoroethylene (PTFE) is used. The composite 
film is a film formed by combining the porous film and 
the non-porous film. 

As shown in FIG. 4, the membrane 64a of the gas- 
liquid separation element 64 has a function of permeat- 
ing only gaseous component 2a contained in the devel- 
oping solution 2. Examples of the gaseous component 
2a permeable through the membrane 64a include a 
nitrogen gas molecule, oxygen gas molecule, hydrogen 
gas molecule, dioxide gas moleojlar, argon gas mole- 
cule, and the like. 

Now, the nozzle 12 will be explained with reference 
to FIGs. 5 and 6. 



The nozzle 12 has a developing-solution storing 
chamber 33 defined by a side wall 31 and a bottom wall 
32. An upper opening of the storing chamber 33 is 
blocked with a covering member 34. The portion 

5 between the covering member 34 and the side wall 31 is 
sealed with a packing 35. Two developing solution sup- 
ply pipes 37 are provided separately to the covering 
member 34. The developing solution 2 sent through the 
lines 5a and 5b is supplied to the developing-solution 

10 storing chamber 33 (through two supply pipes 37) and 
stored therein. In the bottom wall 32, a plurality of liquid 
expelling holes 38 are formed in the longitudinal direc- 
tion. The developing solution 2 is supplied from the liq- 
uid expelling hole 38 onto the wafer W. The horizontal 

75 length of the nozzle 12 is almost equal to the diameter 
of the wafer W. 

Next, a developing process of the wafer W will be 
explained with reference to FIG. 8. 

To supply the developing solution 2 to the wafer W 

20 from the nozzle 12, the practical operation procedure is 
as follows: First, a N2 gas serving as a pressurized gas 
is introduced into the tank 1 through the line 4. The 
developing solution 2 stored in the tank 1 is sent out to 
the supply line. During this operation, air-operation 

25 valves 1 1 a and 1 1 b are closed. 

When the developing solution 2 is supplied to the 
developing-solution deaeration apparatuses 10a and 
10b, the deaeration of the developing solution 2 is per- 
formed at a pressure ranging from 1 10 to 260 Torr (-500 

30 mmHg to -650 mmHg) just for about 240 seconds (step 
S1). Details on the deaeration process SI will be 
described later with reference to the flow-chart shown in 
FIG. 9. 

A resist is coated onto the wafer W in a resist coat- 

35 ing apparatus (not shown). The coated resist is exposed 
to light in the light-exposure apparatus (not shown). 
Subsequently, the wafer is loaded into the developing 
unit and mounted on the spin-chuck 14 (step S2). 
Then, the air operation valves 1la and llb are 

40 opened. After the developing solution 2. present in the 
supply lines 5a and 5b between the developing-solution 
deaeration apparatuses 10a and 10b and the nozzle, is 
completely discharged, the deaerated developing solu- 
tion is newly supplied from the developing-solution 

45 deaeration apparatuses 1 0a and 1 0b to the supply lines 
5a and 5b. In this way, the developing solution to be 
expelled to the substrate W from the nozzle 12. is 
replaced with the deaerated developing solution (Step S 
3). For example, assuming that 1 cc of the developing 

50 solution 2 is left in the lines (5a. 5b) between the devel- 
oping-solution deaeration apparatuses (10a, 10b) and 
the air-operation valves (1 la, 1 lb). 1 cc in the air oper- 
ation valves (11a, lib). 18 cc in the lines (5a, 5b) 
between the air operation valves (11a. lib) and the 

55 nozzle 12. and 80 cc in the nozzle 12, the total amount 
of 1 00 cc (sum of the developing solution in lines 5a and 
5b) is dispensed (referred to as "dummy-dispense"). 
Instead, the deaerated developing solution is supplied 
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to the lines 5a and 5b as well as to the nozzle 1 2. There- 
after, the air operation valves 1 1a and 1 1b are closed. 

Subsequently, as shown in FIG. 7. the nozzle 12 is 
positioned above in the center of the wafer W. Then, the 
nozzle 12 is positioned as shown in FIG. 6 by moving up s 
and down relative to the wafer. Thereafter, air operation 
valves (11a. lib) are opened to allow the deaerated 
developing solution to expel from the liquid expelling 
hole 38. In this manner, the liquid film of the deaerated 
developing solution is formed between the wafer W sur- io 
face and the nozzle 12. It is preferred that the expelling 
amount of the developing solution be smaller than the 
deaerated developing solution. Conversely, the amount 
of the developing solution is preferably larger than the 
expelling amount per time unit (amount per wafer). is 

While this state is being maintained, the wafer W is 
rotated by 180° by means of the motor 15 (Step, S4). 
The developing solution is spread by the rotation of the 
wafer W, forming a liquid film of the deaerated develop- 
ing solution on the surface of the wafer W. Tlie deaer- 20 
ated developing solution is delivered uniformly over the 
resist film which has been formed on the wafer W. Then, 
the air-operation valves (1 1a, 1 lb) are closed. Since the 
coated resist is sufficiently exposed to the deaerated 
developing solution, the coated resist is uniformly devel- 25 
oped (Step. S5). In the developing step S5, since deaer- 
ation is performed under conditions in which the 
concentration of the developing solution is not signifi- 
cantly changed, development defects do not occur. 

In the development step S5, it is preferred that the 30 
dummy dispense be preferably performed before initia- 
tion of the processing and at predetermined intervals 
(30 minutes) for cleaning the supply lines (5. 5a. 5b). To 
attain the cleaning effectively, the amount of the dummy 
dispense is preferably 100-200 cc. which is larger than 35 
the expelling amount per time. For example, in this 
embodiment, the amount of the dummy dispense is set 
to 150 cc, which corresponding to an overall amount of 
the expelling amount (50 cc) at normal operation and a 
deaeration amount (100 cc). 40 

After completion of the development, the wafer W is 
rinsed with pure water while being rotated at high speed 
(Step, S6). After rinse, the wafer W is unloaded from the 
developing unit (Step, S7). 

The deaeration operation of the developing solution 45 
will now be explained with reference to FIG. 9. 

(1) In normal operation, the solenoid valve 25 of the 
controller 40 is left open. While this condition is 
being maintained, the controller 40 opens the sole- so 
noid valve 27. thereby supplying air to the line 54 to 
drive the ejector 22. In this manner, vacuum opera- 
tion of the chamber 61 is initiated (Step, Si 1). The 
chamber 61 is evacuated through the lines 51 . 52, 
and 53 by the operation of the ejector 22. The inner 55 
pressure of the chamber 61 is reduced. The inner 
pressures of the chamber 61 and the trap tank 21 
are separately detected (Step. SI 2). The controller 



40 receives the pressure detection data from the 
sensors (23b, 28, 29a). The controller 40 controls 
the operation valves (11a, lib), the solenoid valves 
(25, 27), a generator (regulator) 26. and the vac- 
uum switch 29 on the data thus obtained, thereby 
setting the inner pressures of the deaeration cham- 
ber 61 and trap tank 21 within the range of 1 10 to 
260 Torn This vacuum operation is continued until 
the pressure gauge 29a of the vacuum switch 29 
reaches the uppermost value, -650 mmHg (110 
Ton-) (Step. SI 3). 

(2) When the pressure gauge 29a displays the 
uppermost value, the solenoid valve 27 is closed to 
stop air supply to the ejector 22 by the controller 40. 
The vacuum operation of deaeration chamber 61 is 
terminated (Step, Si 4). 

(3) As the deaeration of the developing solution pro- 
ceeds in the chamber 61 , the value displayed by the 
gauge 29a of the vacuum switch 29 gradually 
increases. The inner pressures of the deaeration 
chamber 61 and the trap tank 21 are separately 
detected (Step, SI 5). The vacuum (deaeration) is 
continued until the display of the pressure gauge 
29a of the vacuum switch 29 reaches the lowermost 
value. -500 mmHg (260 Torr)(Step. SI 6). 

When the pressure gauge 29a disjDlays the 
lowermost value, the controller 40 opens the sole- 
noid valve 27 to drive the ejector 22 again. The 
operation of the ejector 22 is continued until the 
gauge 29a of the vacuum switch 29 reaches the 
uppermost value, -650 mm Hg (110 Torr) (Step. 
S11). 

(4) Thereafter, the procedures (2) and (3) are 
repeated. 

If the deaeration of the developing solution is 
repeated in this way, a small amount of the liquid com- 
ponent permeates through the membrane of the gas- 
liquid separation element 64a and leaks into the vac- 
uum evacuation line 51. However, the leaked liquid con- 
taining a liquid component is received by the trap tank 
21 , so that the lines 52, 53. and 54 located downstream 
of the tank 21 are not contaminated with the leaked liq- 
uid component. The liquid component leakage is accu- 
mulated in the trap tank 21 and the liquid surface 
increases. The controller 40 monitors the surface level 
of the liquid in the trap tank 21 by use of the liquid sur- 
face detecting sensor 23. When the liquid surface 
reaches a preset level, the controller 40 closes the sole- 
noid value 25, thereby terminating the vacuum opera- 
tion of the chamber 61 through lines 51 to 53. 
Subsequently, the controller 40 opens a valve 57a to 
discharge the liquid of the trap tank 21 to the drain line 
57. The controller 40 further opens the solenoid valves 
25 and 27 to drive the ejector 22. In this way, the deaer- 
ation of the developing solution is started again. 

Since the vacuum evacuation line 51 is communi- 
cated with the drain line 57 of the trap tank 21 , leakage 
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of the liquid component can be discharged from the trap 
tank 21 through the drain line 57. Therefore, even if 
TMAH (tetramethylammonium hydroxide) acting as an 
active agent of the developing solution leaks in the vac- 
uum evacuation line 51 , the leakage will not affect the 5 
vacuum evacuating means (22. 26, 27, 28, 59). The 
evacuation capacity will not decrease. 

Next, the deaeration apparatus of another embodi- 
ment will be explained with reference to FIG. 14. Like 
reference numerals are used to designate like structural 10 
elements corresponding to the aforementioned embod- 
iment and any further explanation is omitted for brevity's 
sake. 

In the deaeration apparatus, the vacuum evacua- 
tion line 53 positioned downstream of the deaeration 75 
apparatus is connected directly to a suction side of a 
vacuum pump 30. Since the chamber 61 is evacuated 
directly by the vacuum pump 30 via the vacuum evacu- 
ation lines (51 to 53) in the deaeration apparatus, the 
evacuation capacity will increase. Furthermore, the 20 
since the deaeration apparatus is equipped with the trap 
tank 21 for preventing the vacuum pump 30 from suck- 
ing the liquid component leakage, the evacuation 
capacity will not decrease. 

The operation of deaerating the developing solution 25 
by use of the deaeration mechanism is as follows: 

(1) In normal operation, the controller 40 keeps the 
solenoid valve 25 open. While this condition is 
being maintained, a vacuum pump 30 is driven by 30 
the controller 40. In this way. the vacuum operation 

of the deaeration chamber 61 is initiated (Step. 
S1 1). The deaeration chamber 61 is evacuated by 
the operation of the vacuum pump 30 through lines 
51 , 52, and 53. The inner pressure of the chamber 35 
61 Is reduced. 

The inner pressures of the deaeration chamber 
61 and the trap tank 21 are separately detected 
(Step, SI 2). When the controller 40 receives the 
pressure detection data from the sensors 23b. 28 40 
and 29a, it controls the inner pressures of the 
deaeration channber 61 and the trap tank 21 by use 
of the operation valves (11a. lib), the solenoid 
valve 25. and vacuum switch 29 so that they fall 
within the range of 25 to 410 Torr. The vacuum 45 
operation is continued until the pressure gauge 29a 
of the vacuum switch 29 reaches the uppermost 
value. -735 mmHg (25 Torr) (Step Si 3). 

(2) When the pressure gauge 29a displays the 
uppermost value, the controller 40 stops the opera- so 
tion of the vacuum pump 30. In this manner, the 
vacuum operation of the deaeration chamber 61 is 
terminated (Step. SI 4). 

(3) As the deaeration of the developing solution pro- 
ceeds in the chamber, the value displayed by the 55 
gauge 29a of the vacuum switch 29 gradually 
increases. The Inner pressures of the deaeration 
chamber 61 and the trap tank 21 are separately 



detected (Step. SI 5). The vacuum operation is con- 
tinued until the pressure gauge 29a of the vacuum 
switch 29 reaches the lowermost value, -350 mmHg 
(410Torr)(Step, S16). 

When the pressure gauge 29a displays the 
lowermost value, the controller 40 drives the vac- 
uum punp 30 again. The operation of the vacuum 
pump 30 is continued until the gauge 29a of the 
vacuum switch 29 reaches the uppermost value. - 
735 mmHg (25 Torr)(Step. S1 1). 
(4) Thereafter, the aforementioned procedures (2) 
and (3) are repeated. 

In the deaeration mechanism of this embodiment, a 
high level of vacuum is attained which achieves effective 
deaeration. Consequently, the gaseous component 
contained In the developing solution can be sufficiently 
removed. 

High-resolution resists coated on 8-Inch wafers W 
were actually developed by using the developing solu- 
tion deaerated by the method of the present invention, 
and the developing solution deaerated by a conven- 
tional method. Both the resists were compared for 
development defects. The former resist improves on the 
latter by 70 % or more, with respect to the defects. 

As the developing solution expelling nozzle, a 
stream type nozzle 81 (shown in FIG. 15) or a multi-type 
nozzle 82 (shown in FIG. 16) formed of a main nozzle 
provided with a plurality of nozzles 83 maybe used. The 
nozzles 81 and 82 are moved from one side portion to 
the other side in a scanning fashbn while the wafer W is 
being rotated. 

In practice, the developing solution 2 is supplied to 
the wafer W by the stream type nozzle 81 and the multi- 
type nozzle 82 as follows: First, a N2 gas is introduced 
Into the tank 1 through the line 4, thereby sending out 
the developing solution 2 from the tank 1 to the supply 
line 5. Thereafter, both operation valves 11a and lib 
are closed. 

Subsequently, the developing solution 2 is deaer- 
ated in the developing-solution deaeration apparatuses 
10a and 10b at a saturated vapor pressure or less, for 
©cample, 25-410 Torr (-350 mmHg to -735 mmHg) for 
just 240 seconds. 

After the developing solution present In the supply 
lines 5a and 5b is discharged, the deaerated developing 
solution Is newly supplied in place of the discharged 
solution. The replacement of the developing solution is 
made by the dummy-dispense of the developing solu- 
tion (which Is attained by opening the air-operation 
valves 11a and lib) present In the supply lines (5a, 5b) 
between the developing-solution deaeration appara- 
tuses (10a, 10b) and a nozzle (81 or 82). The air opera- 
tion valves 1 1 a and 1 1 b are closed. 

Then, the nozzle (81 or 82) Is positioned at a dis- 
tance from the wafer W. After the air operation valves 
11a and 11b are opened, the developing solution Is 
expelled from the nozzle (81 or 82) onto the center of 
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the wafer. The wafer W is allowed to rotate while the 
developing solution is expelled out. The nozzle (81 or 
82) is reciprocally moved relative to the wafer W. It is 
preferable that the expelling amount of the developing 
solution be smaller than that of the deaerated solution. 5 
Conversely, the amount of the developing solution to be 
deaerated is preferably larger than the expelling amount 
per time unit. 

Thereafter, the air operation valves (11a. 1 lb) are 
closed. In this manner, the coated resist is developed 10 
with the deaerated developing solution. 

In the aforementioned embodiments, a semicon- 
ductor wafer is used. However, the present invention is 
not limited to the semiconductor wafer and an LCD sub- 
strate may also be used. 75 

As explained above, the resist processing method 
of the present invention is one performed by supplying a 
processing solution on the surface of a substrate. Since 
the process solution employed in the present invention 
is deaerated within a saturated pressure of the process- 20 2. 
ing solution for at least 15 seconds, the gaseous com- 
ponent contained in the processing solution can be 
sufficiently removed. Hence, the resist can be proc- 
essed without defects. 

25 

Claims 

1. A resist processing method for introducing a pres- 
surized gas into a vessel (1) storing a processing 
solution (2). sending the processing solution (2) 30 
from the vessel ( 1 ) to a nozzle ( 1 2) by way of a sup- 
ply line (5, 5a. 5b) by means of the pressurized gas, 
and supplying the processing solution (2) from the 
nozzle (12) to a substrate (W), 

said method characterized by comprising 35 
the steps of: 

(a) providing a deaeratlon mechanism (10a. 

1 0b) to the supply line, said deaeratlon mecha- 3. 
nism having a gas-liquid separation membrane 40 
(64, 64a) and a vacuum evacuation line (51 • 
53); 

(b) introducing the pressurized gas into the 
vessel (1) to send out the processing solution 

(2) from the vessel into one side portion of said 45 4. 
gas-liquid separation membrane (64. 64a) 
through the supply line (5a, 5b); 

(c) evacuating the other side portion of the gas- 
liquid separation membrane (64. 64a) through 
said vacuum evacuation line (51) to set the 'so 
pressure of the other side portion of the gas-liq- 5. 
uld separation membrane (64R, 64a) within a 
saturated vapor pressure of said processing 
solution (2). permitting a gaseous component 

(2a) dissolved in the processing solution (2) to 55 6. 
migrate from said one side portion to the other 
side portion, thereby removing the gaseous 
component (2a) from said processing solution 



(2) before the process solution (2a) is supplied 
to the substrate (deaeratlon step); 

(d) discharging the processing solution (2) 
present in the supply line (5a. 5b) between said 
deaeratlon mechanism (10a. 10b) and the noz- 
zle (12), and introducing the processing solu- 
tion (2) deaerated In said deaeratlon step (c) 
into the supply line (5a. 5b) between the deaer- 
atlon mechanism (10a, 10b) and the nozzle 
(12) (processing solution replacing step); 

(e) supplying the deaerated processing solu- 
tion (2) to the substrate (W) by expelling said 
deaerated processing solution (2) from the 
nozzle (12); and 

(f) rotating the substrate relative to the nozzle 
to form a liquid film of the deaerated processing 
solution (2) between the nozzle (12) and the 
substrate (W). 

The method according to claim 1, characterized in 
that said step (c) comprises starting evacuation of 
the other side portion of the gas-liquid separation 
membrane (64, 64a) through the vacuum evacua- 
tion line (51 - 53). detecting a pressure of the other 
side portion of the gas-liquid separation membrane 
(64, 64a) as a first detection pressure, stopping 
evacuation of the other side portion of the gas-liquid' 
separation membrane (64. 64a) when the detection 
pressure reaches an uppermost value within a 
range of a predetermined degree of vacuum, again 
detecting a pressure of the other side portion of the 
gas-liquid separation membrane (64. 64a) as a sec- 
ond detection pressure, starting evacuation of the 
other side portion of the gas-liquid separation mem- 
brane (64. 64a) when the second detection pres- 
sure reaches a lowermost value within a range of a 
predetermined degree of vacuum. 

The method according to claim 2, characterized in 
that said uppermost value within a range of a pre- 
determined degree of vacuum is 25 Torr and said 
lower most value within a range of a predetermined 
degree of vacuum Is 410 Torr. 

The method according to claim 2, characterized in 
that said uppermost value within a range of a pre- 
determined degree of vacuum is 110 Ton* and said 
lower most value within a range of a predetermined 
degree of vacuum is 260 Torr. 

The method according to claim 1 . characterized in 
that, in said step (b), a pressure of the pressurized 
gas falls within a range from 0.5 to 3 kg/cm^. 

The method according to claim 1. characterized in 
that, in said step (e), an amount of the processing 
solution (2) expelled from the nozzle (12) is smaller 
than that deaerated by the deaeratlon mechanism 
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(10a, 10b). 

7. The method according to claim 1 , characterized in 
that, in said step (e). an amount of the processing 
solution (2) to be deaerated by the deaeration 5 
mechanism (10a, 10b) is larger than that required 
for processing one substrate (W)- 

8. The method according to claim 1. characterized in 
that said gas-liquid separation membrane (64, 64a) io 
is constituted of a plurality of capillaries made of 
any one of a porous film, a non-porous film, and a 
composite film. 

9. The method according to claim 8, characterized in is 
that said porous film is a porous thin film made of 
polytetrafluoroethylene(PTFE) or a polyolefin- 
series resin; said non-porous film is a non-porous 
thin film made of a tetrafluoroethylene • hexafluor- 
opropylene copolymer (FEP), a tetrafluoroethylene so 
• perf luoroalkylvinyl ether copolymer (PFA), or pol- 
ytetrafluoroethylene (PTFE); and said composite 
film is a composite film made by combining a 
porous film and a non-porous film. 

25 

10. The method according to claim 1. characterized in 
that said processing solution (2) is a developing 
solution for developing a resist coated on the sub- 
strate; the pressurized gas is a nitrogen gas; and, in 
said deaeration step, an amount of a dissolved so 
nitrogen gas (2a) in the developing solution (2) is 

set at 25 ppm or less. 

11. The method according to claim 10, characterized in 
that said developing solution (2) is an aqueous 35 
solution containing 2.38 ± 0.01% tetramethylammo- 
nium hydroxide. 

12. A resist processing method for introducing a pres- 
surized gas into a vessel (1) storing a processing 4o 
solution (2), sending the processing solution (2) 
from the vessel (1) to a nozzle (12) through a sup- 
ply line (5, 5a, 5b) by means of the pressurized gas, 
and supplying the processing solution (2) from the 
nozzi e (1 2) to a substrate ( W) , 45 

said resist processing method characterized 
by comprising the steps of: 

(A) providing a deaeration mechanism (10a. 

1 0b) to the supply line (5, 5a, 5b), said deaera- so 
tion mechanism (10a, 10b) having a gas-liquid 
separation membrane (64, 64a) and a vacuum 
evacuation line (51 - 53): 

(B) introducing a pressurized gas into the ves- 
sel to send out the processing solution from the ss 
vessel into one side portion of said gas-liquid 
separation membrane through the supply line; 

(C) evacuating the other side portion of said 



gas-liquid separation membrane (64, 64a) 
through said vacuum evacuation line (51 - 53) 
to set the pressure of the other side portion of 
the gas-liquid separation membrane (64, 64a) 
within a saturated vapor pressure of said 
processing solution (2), permitting a gaseous 
component (2a) dissolved in the processing 
solution to migrate from said one side portion 
to the other side portion, thereby removing the 
gaseous component (2a) from said processing 
solution (2) before the solution (2) is supplied to 
the substrate (W) (deaeration step); 

(D) discharging the processing solution (2) 
present in the supply line (5a, 5b) between said 
deaeration mechanism (10a, 10b) and the noz- 
zle (12), and introducing the processing solu- 
tion (2) deaerated by said deaeration step (C) 
into the supply line (5a, 5b) between the deaer- 
ation mechanism (10a, 10b) and the nozzle 
(12) (processing solution replacing step); 

(E) spinning the substrate (W); and 

(F) expelling the deaerated processing solution 
(2) from the nozzle (12) to the substrate (W) to 
form a liquid film of the deaerated processing 
solution (2) between the nozzle (12) and the 
substrate (W). 

13. The method according to claim 12. characterized In 
that said step (C) comprises starting evacuation of 
the other side portion of the gas-liquid separation 
membrane (64, 64a) through the vacuum evacua- 
tion line (51 - 53). detecting a pressure of the other 
side portion of the gas-liquid separation membrane 
(64, 64a) as a first detection pressure, stopping 
evacuation of the other side portion of the gas-liquid 
separation membrane (64, 64a) when the first 
detection pressure reaches an uppermost value 
within a range of a predetermined degree of vac- 
uum, again detecting a pressure of the other side 
portion of the gas-liquid separation membrane (64, 
64a) as a second detection pressure, starting evac- 
uation of the other side portion of the gas-liquid 
separation membrane (64, 64a) when the second 
detection pressure reaches a lowermost value 
within a range of a predetermined degree of vac- 
uum. 

14. The method according to claim 13, characterized in 
that said uppermost value within a range of a pre- 
determined degree of vacuum is 25 Ton' and said 
lowermost value within a range of a predetermined 
degree of vacuum is 410 Torr. 

15. The method according to claim 13. characterized in 
that, said uppermost value within a range of a pre- 
determined degree of vacuum is 110 Torr and said 
lower most value within a range of a predetermined 
degree of vacuum is 260 Torr, 
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1 6. The method according to claim 1 2. characterized in 
that, in said step (B). a pressure of the pressurized 
gas falls within a range from 0.5 to 3 kg/cm^. 

1 7. The method according to claim 12, characterized in s 
that, in said step (E), an amount of the processing 
solution expelled from the nozzle is smaller than 
that deaerated by the deaeration mechanism. 

1 8. The method according to claim 1 2. characterized in io 
that, in said step (E). an amount of the processing 
solution (2) to be deaerated by the deaeration 
mechanism (10a, 10b) Is larger than that required 

for processing one substrate (W). 

15 

1 9. The method according to claim 1 2, characterized in 
that said gas-liquid separation membrane (64, 64a) 
is constituted of a plurality of capillaries made of 
any one of a porous film, a non-porous film, and a 
composite film. 20 

20. The method according to claim 19, characterized in 
that said porous film is a porous thin film made of 
polytetrafluoroethylene(PTFE) or a polyolefin- 
series resin; said non-porous film is a non-porous 25 
thin film made of a tetrafluoroethylene • hexaf luor- 
opropyiene copolymer (FEP). a tetrafluoroethylene 

• perfluoroalkylvinyl ether copolymer (PFA), or pol- 
ytetrafluoHDethylene (PTFE); and said composite 
film is a composite film made by combining the 30 
porous film and the non-porous film. 

21 . The method according to claim 1 2, characterized in 
that said processing solution (2) is a developing 
solution for developing a resist coated on the sub- ss 
strate; the pressurized gas is a nitrogen gas; and, in 
said deaeration step, an amount of a dissolved 
nitrogen gas (2a) in the developing solution (2) is 

set at 25 ppm or less. 

40 

22. The method according to claim 21 , characterized in 
that said developing solution (2) is an aqueous 
solution containing 2.38 ± 0.01% tetramethylammo- 
nium hydroxide. 

45 

23. A resist processing system characterized by com- 
prising: 

a mounting table (14) for mounting a substrate 
(W) thereon; so 
a nozzle (12) for expelling out a processing 
solution (2) to the substrate (W) mounted on 
the mounting table (14); 
a vessel (1) for storing the processing solution 
(2): 55 
pressurizing means. (3, 3a, 40) for introducing a 
pressurized gas into the vessel (1), thereby 
pressurizing the processing solution (2) to 



send the processing solution (2) from the ves- 
sel (1) to the nozzle (12); 
a processing solution supply line (5, 5a, 5b) 
provided between the vessel (1) and the nozzle 
(12), for guiding the processing solution (2) 
sent out from the vessel (1) by said pressuriz- 
ing means (3. 3a, 40), to the nozzle (12); and 
a deaeration mechanism (10a, 10b) attached 
to said processing solution supply line (5a, 5b), 
for separating and removing a gaseous compo- 
nent (2a) from the processing solution (2); 

said deaeration mechanism (10a, 10b) 
comprising 

an airtight chamber (61), 
a gas-liquid separation membrane (64, 
64a) provided in the airtight chamber (61), 
one side portion of which is communicated 
with said processing solution supply line 
(5a, 5b) through which said processing 
solution is supplied to said one side por- 
tion, 

a vacuum evacuation line (51 - 53) com- 
municated with the other side portion of 
the gas-liquid separation membrane (64, 
64a). 

evacuation means (22, 26 - 27, 30. 40. 54. 
59) for evacuating the other side portion of 
the gas-liquid separation membrane (64, 
64a) through the vacuum evacuation line 
(51 - 53), and 

a trap tank (21) attached to the vacuum 
evacuation line (51 - 53), for receiving a liq- 
uid component permeating through the 
gas-liquid separation membrane (64, 64a) 
and leaking into the vacuum evacuation 
line (51). 

24. A system according to claim 23, characterized in 
that 

said evacuation means comprises 

an ejector main body (22) communicated with 
the vacuum evacuation line (53), 
another line (54) communicated with the ejec- 
tor main body (22), and 

fluid supply means (59) for sending a fluid to 
said another line (54), thereby reducing pres- 
sure of the vacuum evacuation line (51 - 53). 

25. The system according to claim 23. characterized in 
that said evacuation means is a vacuum pump (30) 
which is communicated directly with the vacuum 
evacuation line (51 - 53), for reducing pressure in 
the vacuum evacuation line (51 - 53). 

26. The system according to claim 23, characterized by 
further comprising an intermediate tank (6) 
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attached to the processing solution supply line (5) 
between said vessel (1) and thedeaeration mecha- 
nism (10a, 10b). for temporarily storing the 
processing solution (2) before the processing solu- 
tion (2) is supplied to the deaeration mechanism 5 
(10a. 10b). 

27. The system according to claim 26. characterized by 
further conoprising a sensor (6a, 6b) for detecting 
the surface level of the processing solution (2) con- 
tained in the intermediate tank (6), and a controller 
(40) for controlling the pressurizing means (3. 3a) 
on the basis of the surface level detected by said 
sensor (6a, 6b). 

28. The system according to claim 23, characterized in 
that 

said trap tank (21) comprises a liquid-sur- 
face level detection sensor (23a), a pressure detec- 
tion sensor (23b) for detecting an inner pressure of 
the trap tank (21), and a drain line (57) for discharg- 
ing the received liquid component leakage outside, 
and 

the system further conrtprising a controller 
(40) for controlling the evacuation means (26. 30) 
on the basis of the detection data obtained from the 
liquid-surface level detection sensor (23a) and the 
pressure detection sensor (23b). 

29. The system according to claim 23. characterized by 
further comprising a pressure detection sensor 
(29a) for detecting an inner pressure of a chanober 
(61) of the deaeration mechanism (10a, 10b) and a 
controller (40) for controlling said evacuation 
means (26, 30) on the basis of data detected by 
said pressure detection sensor (29a). 

30. The system according to any one of claim 27, 28 
and 29. characterized in that said controller (40) 
has a display section (41 ) for displaying a detection 
data, and an alarm section (42) for giving an alarm 
when an abnornnal data out of a predetermined 
range of value is detected. 

31. The system according to claim 23, characterized in 
that 

said vacuum evacuation line (52 - 54) has a 
stop valve (24), a first solenoid valve (25). an ejec- 
tor (22), a regulator (26), a gauge (28). and a sec- 
ond solenoid valve (27). 

32. The system according to claim 23. characterized in 
that 

said processing solution supply tine (5) is 
branched, each branched line (5a. 5b) being com- 
municated with the nozzle (12). 



that 

said gas-liquid separation membrane (64, 
64a) is constituted of a plurality of capillaries made 
of any one of a porous film, a non-porous film, and 
a composite film. 

34. The system according to claim 33, characterized in 
that said porous film is a porous thin film made of 
polytetrafluoroethylene(PTFE) or a polyolefin- 
series resin; said non-porous film is a non-porous 
thin film made of a tetrafluoroethylene * hexafiuor- 
©propylene copolymer (FEP), a tetrafluoroethylene 
• perfluoroalkylvinyl ether copolymer (PFA), or pol- 
ytetrafluoroethylene (PTFE); and said composite 
film is a composite film made by combining the 
porous film and the non-porous film. 



75 



20 



25 



30 



35 



40 



45 



50 



33. The system according to claim 23, characterized in 



EP 0 829 767 A1 




70 80 



9a {oa Ho 50 

_1 



7b 8b 9b {Ob ub 5b 



F I G. 1 



13 



(30 14 15 130 



<2 

y 



'J 




F I G. 2 



-to 



EP 0 829 767 A1 



51 




EP 0 829 767 A1 




FIG. 7 



EP 0 829 767 A1 



DEAERATION OF 
DEVaOPING SOLUTION 



WAFER LOAIVIN 



REPUCEMENT OF 
DEVELOPING SOLUTION 



WAFER ROTATION 



DEVELOPMENT 



RINSE 



WAFER LOAIMXJT 



FIG. 8 



81 



82 



'S3 



'S4 



85 



86 



87 



811 



£ 



VACUUM INITIATION 



812 



PRESSURE DETECTION 



813 



DOES 
DETECTION 
PRESSURE REACH 
UPPERMOST 
VALUE 
? 

Iyes 



NO 



VACUUM TERMINATION 



15 



PRESSURE DETECTION 



816 



NO 



DOES 
DETECTION 
PRESSURE REACH 
LOWERMOST 
VALUE 
? 



YES 



FIG. 9 



EP 0 829 767 A1 



as 



OEAERACTION TIME (SECOND) 



FIG. \0 




410 
PRESSURE 

(Torr) 



760 
ATMOSPHERIC 
PRESSURE 



FIG. \\ 



17 



EP 0 829 767 A1 



DEFECT: MISSING CONTACT 




FIG. 12 



\0 20 30 40 50 60 70 
DISSOLVED NITROGEN CONCENTRATIONCppm) 




00 05 10 15 2.0 2.5 3.0 3.5 4.0 

F I G. \ 3 



EP 0 829 767 A1 



40^ 



CONTROLLER 

— u — 



m job 



DEAERATiON 
MECHANISM 



5\ 

± 



56 



24 52 



6i 



23b 
230 



25 53 

— i— > 



29 



VACUUM 
PUMP 

T" 

30 



V^57 



FIG. M 




FIG. 16 



EP 0 829 767 A1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 97 11 5936 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with iodication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION iint.Cl.6) 



P,A 



PATENT ABSTRACTS OF JAPAN 

vol. 96, no. 10, 31 October 1996 

& JP 08 153675 A (DAINIPPON SCREEN MFG CO 

LTD), 11 June 1996, 

* abstract * 

US 5 374 312 A (HASEBE ET AL. ) 

* column 4, line 27 - column 7, line 66 * 

PATENT ABSTRACTS OF JAPAN 

vol. 96, no. 2, 29 February 1996 

& JP 07 283184 A (TOKYO ELECTRON LTD) 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol . 97. no. 5, 30 May 1997 

& JP 09 007936 A (TOKYO ELECTRON KYUSHU 

KK) 

* abstract * 

DE 195 40 010 A (SAMSUNG ELECTRONICS CO. 
LTD.) 

* the whole document * 



1,12.23 



G03F7/16 



1,12,23 
1,12,23 

1-34 



1-34 



TECHNICAL FIELDS 
SEARCHED Ont.CI.6) 



G03F 

BOID 



The present search report has tieen drawn up for all claims 



Place of saarch 

THE HAGUE 



Oats of oofTpletior oi th» seaich 

15 December 1997 



Exanuner 

Balsters, E 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken atone 

Y ; particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written dischssure 
P : imertnedialo document 



T : theory or principle underlying the invention 
E : earlier patent document, but piDIished on. or 

after the filing date 
D : document cited in the applcation 
L : document cited for other readond 

& : member of the same patent famHy, corresponding 
document 



